Aims-To determine the clinical, biochemical, and/or morphological features which could predict the need for treatment of pseudocysts at diagnosis in a homogeneous population of patients with alcoholic chronic pancreatitis. Methods-Between January 1983 and December 1993, all patients followed for alcoholic chronic pancreatitis complicated by pseudocysts and confirmed by computed tomography (CT) scan at diagnosis were studied retrospectively. Two groups of pseudocysts were considered according to their pattern of evolution and the therapeutic requirements. Group I included 45 pseudocysts that regressed spontaneously (25 patients) or that persisted without symptoms (20 patients). Group II included 45 pseudocysts with persisting symptoms or complications, requiring surgical or non-surgical treatment. The evolution of pseudocysts was monitored by CT scanning or abdominal ultrasound. Initial CT scans of all patients were reviewed by an experienced radiologist. For each patient with pseudocysts, the following morphological parameters were recorded: number of pseudocysts, maximal diameter, location, intrapancreatic or extrapancreatic development, complications related to the pseudocyst, pancreatic calcifications, enlargement of the main pancreatic duct, and signs of recent acute pancreatitis. Univariate analysis, and then multivariate analysis with all significant variables on univariate analysis were performed. Results-On univariate analysis, location of pseudocysts in the pancreatic head and intrapancreatic development of pseudocysts were significantly more frequent in group I than in group II (78% versus 55%, p<0.02 and 89% versus 60%, p<0.001, respectively). The median diameter of pseudocysts was significantly smaller in group I than in group II (25 (10-110) mm and 40 (10-120) mm respectively, p<0.001). No diVerences between groups I and II were found for the clinical or biochemical parameters. Multivariate analysis showed that the intrapancreatic development of pseudocysts and a diameter less than 4 cm were the only independent factors associated with a spontaneous and favourable outcome. These factors accounted for 20% of the total variance.
Pseudocysts are encapsulated collections of pancreatic juice surrounded by a wall or capsule. They are a frequent complication of chronic pancreatitis. [1] [2] [3] [4] [5] [6] They may regress spontaneously, persist with or without symptoms, or result in complications. [7] [8] [9] [10] [11] [12] The predictive factors of these diVerent outcomes, although obviously important in the management of patients with pseudocysts, are poorly understood. Available studies usually include both necrotic pseudocysts (those occurring after an attack of acute pancreatitis, due to the disruption of pancreatic duct integrity and the accumulation of pancreatic secretions in the interstices of the gland), and retentional pseudocysts which only occur during chronic pancreatitis, due to the coalescence of localised dilatations of the pancreatic ducts. However, since these two types of pseudocyst probably have diVerent evolutive features, 4 8 11 13-15 guidelines for pseudocyst management cannot be derived from these studies. Moreover, diagnostic criteria of pseudocysts vary widely in the same study. The development of abdominal ultrasound and computed tomography (CT) scanning has greatly improved the diagnosis and follow up of pseudocysts, providing better knowledge of their natural history. 8 11 16 The aim of the present study was to determine which clinical, biochemical, and/or morphological features at diagnosis were predictive of the need for treatment of pseudocysts (rather than no treatment) in a homogeneous population of patients with alcoholic chronic pancreatitis. Two groups of patients with pseudocysts were compared: those requiring medical or surgical intervention and those left untreated. Predictive factors for these therapeutic decisions were investigated by univariate and multivariate analysis.
Patients and Methods

INCLUSION CRITERIA
The study population included all patients who were followed for chronic alcoholic pancreatitis complicated by pseudocysts between January 1983 and December 1993 in the Departments of Gastroenterology and Surgery, at the Beaujon Hospital, Clichy, France. Only those pseudocysts identified by CT scanning at diagnosis were included in the study. Pseudocysts were only treated if they were the cause of symptoms or complications throughout the inclusion period. EXCLUSION 
CRITERIA
Patients with pseudocysts were excluded from the study for the following reasons: no CT scan was performed within 15 days of the diagnosis of pseudocysts; the chronic pattern or the alcoholic origin of pancreatitis was not certain; another cause of pseudocysts (recent trauma, surgery, pancreatic cancer) was present; follow up of pseudocysts was less than 45 days; or surgery unrelated to pseudocysts was performed. Retrospective analysis of all patients included in this study was performed.
DEFINITIONS
The diagnosis of pseudocysts was based on CT findings. A pseudocyst was defined as a collection of liquid more than 10 mm in diameter, which was clearly distinct from the pancreatic parenchyma and the adjacent organs, and exhibited low density before intravenous injection of a contrast medium, which was not enhanced after injection. Multiple pseudocysts were defined as at least two such lesions.
Patients with pseudocysts were divided into two groups, based on the pattern of evolution of the disease and treatment. Group I included all cases that regressed spontaneously, or persisted without symptoms or treatment (except exploratory paracentesis). Group II included all cases requiring surgical or nonsurgical treatment (transparietal drainage, with or without aspiration).
The diagnosis of chronic pancreatitis was based on the presence of at least one of the following criteria: pancreatic calcifications on abdominal plain x ray, CT scan, ultrasound, or endoscopic ultrasound; anomalies of the pancreatic ducts at pancreatic retrograde endoscopy, which were at least moderate according to the international Cambridge classification 17 ; histological diagnosis of chronic pancreatitis with a biopsy or surgical specimen.
The alcoholic origin of chronic pancreatitis was defined as a daily alcohol intake of at least 60 g per day for at least two years, and when other aetiologies such as hypercalcaemia, hyperlipaemia, and hereditary or tropical pancreatitis had been excluded. Recent acute pancreatitis was defined as an episode of pancreatic pain requiring hospitalisation in the month preceding the diagnosis of pseudocysts, with raised serum pancreatic enzymes (amylase and/or lipase concentrations more than three times the upper limit of normal values) or radiological signs of acute pancreatitis on CT scan, grade C to E according to Balthazar's classification. 18 If several pseudocysts occurred successively in the same patient, they were considered and analysed separately if at least one year had elapsed between two consecutive pseudocysts.
DATA COLLECTION
The first CT scan was considered to be the reference procedure in all patients. All CT scans were reviewed by the same author (MZ), who was unaware of the information on the patients' outcome. CT scans were performed before and after an intravenous injection of contrast medium, with thin or semi-thin slices (4-8 mm) . For each patient with pseudocysts, the following parameters were recorded: number of pseudocysts; maximal diameter (of the greatest pseudocyst if multiple); location (head, body, or tail of the pancreas, or adjacent organs); intrapancreatic or extrapancreatic development (a pseudocyst was considered intrapancreatic if it was surrounded by a continuous band of pancreatic parenchyma); complications related to pseudocysts (dilatation of intrahepatic or extrahepatic bile ducts, intracystic bleeding, portal, splenic or mesenteric vein thrombosis, haematoma or rupture of the spleen, or rupture of the pseudocyst). Furthermore, pancreatic calcifications, enlargement of the main pancreatic duct (more than 5 mm in the head and more than 3 mm in the body/tail of the pancreas), intraductal stones and signs of recent acute pancreatitis according to Balthazar's classification were also searched for.
The following clinical and biochemical data were recorded: symptoms related to pseudocysts (pain, fever, vomiting, abdominal mass); time elapsed from the diagnosis of chronic pancreatitis; recent acute pancreatitis which could account for the development of pseudocysts; inflammation tests (erythrocyte sedimentation rate and fibrinogen); pancreatic enzymes (serum lipase and amylase).
TREATMENT OF PSEUDOCYSTS
Surgical treatment of pseudocysts included pancreatic resection and pseudocyst drainage. Ultrasound or CT guided pseudocyst drainage was also performed. The indications for surgery were complications of pseudocysts in all cases, either acute (bleeding, infection, fistula, or rupture) or chronic (pain, digestive, or biliary compression), persisting after treatment of symptoms. Fine needle aspiration without drainage was considered a diagnostic, not a therapeutic procedure.
PATIENT FOLLOW UP The evolution of pseudocysts was monitored by CT scan or abdominal ultrasound. The duration of follow up was defined as the duration of the time from diagnosis of pseudocysts to last imaging.
STATISTICAL ANALYSIS
Results were expressed as median and range. Univariate analysis was performed with the non-parametric Mann-Whitney U test for quantitative data, and the exact Fisher's test for qualitative data. The level of statistical significance was set at p=0.05. Multivariate analysis was performed using step by step logistic regression. All significant variables at univariate analysis were considered for multivariate analysis. In a first analysis, the size of pseudocysts was considered a quantitative variable. In a second analysis, a pseudocyst smaller than 4 cm in diameter was considered a qualitative variable.
Results
CLINICAL DATA
Ninety seven pseudocysts were considered in 92 patients. Seven patients were excluded because surgery unrelated to pseudocysts was performed (suspicion of pancreatic cancer in three patients, biliary or digestive compression in four patients). The study group thus included 90 pseudocysts in 85 patients (nine women, 76 men; median age 45 years).
Among the 90 pseudocysts, spontaneous regression or persistence without symptoms was observed in 25 and 20 cases, respectively. Group I thus included 45 pseudocysts (50%) that did not require treatment. The size of the former 25 pseudocysts was not significantly diVerent from the latter 20 pseudocysts (30 (15-80) and 20 (10-110) mm respectively, NS). Median time to regression of pseudocysts was 29 (2-143) weeks from diagnosis.
Group II included 45 pseudocysts (50%) requiring therapeutic intervention-surgery (resection, drainage) in 42 patients, or radiological transcutaneous drainage in three patients. Table 1 shows the characteristics of the populations of groups I and II. Table 2 lists the nature and distribution of complications related to pseudocysts. Most acute complications directly related to pseudocysts, such as infection, bleeding, rupture, or pancreatic fistula received emergency treatment and were included in group II. Biliary or digestive compression either regressed without treatment (group I), or necessitated treatment (group II).
Ultrasound and CT guided fine needle aspiration was performed in 31 patients-12 (27%) and 19 (42%) in groups I and II, respectively (NS). The procedure was indicated to check the relation between pseudocysts and pain and/or compression in all but six patients who were suspected of having infected pseudocysts.
Lasting regression of pseudocysts was not observed in any of the 31 patients. The following procedures were performed in the 42 group II patients operated on: internal drainage in 26 patients (cystogastric in 11, cystoduodenal in 10, cystojejunal in five); distal splenopancreatectomy in 10 patients; and Whipple's procedure in six patients. In this group, regression of pseudocysts was obtained in 42/45 cases (40 after surgery, two after transcutaneous drainage) after a median of 12 (0-224) weeks. In the last three patients (two surgery, one transcutaneous drainage), no decrease in the size of pseudocysts was recorded, but all three patients became symptom free. Table 3 shows the distribution of pseudocysts in groups I and II according to morphological criteria. The proportion of pseudocysts located in the pancreatic head, and of those with intrapancreatic development were significantly different between the two groups. The median size of pseudocysts was significantly smaller in group I than in group II (25 (10-110) mm and 40 (10-120) mm respectively, p<0.001). Table  4 shows the distribution of pseudocysts according to diVerent size thresholds.
PARAMETERS ASSOCIATED WITH THE OUTCOME OF PSEUDOCYSTS
Univariate analysis
No significant diVerences between groups I and II were found for the following parameters: calcifications in pancreatic parenchyma (32/45 versus 32/45); enlargement of the main pancreatic duct (27/ abdominal mass, fever >38°C, ascites, and pleural eVusion) or in main blood tests at time of pseudocyst diagnosis (white blood cell count, erythrocyte sedimentation rate, serum fibrinogen, serum pancreatic enzymes, aminotransferases, alkaline phosphatase, and -glutamyl transferase) were found between groups I and II.
Multivariate analysis
Step by step logistic regression was performed based on the three factors significantly associated with the outcome of pseudocysts by univariate analysis. When the size of pseudocysts was considered as a quantitative variable (see Methods), the intrapancreatic development of pseudocysts was the only significant factor, accounting for 16% of the total variance (p<0.001). When the qualitative criterion "pseudocysts less than 4 cm in diameter" was considered, it had independent prognostic value, accounting for 4% of the total variance (p<0.01). When considered together these factors accounted for 20% of the total variance.
Discussion
The identification of factors associated with the outcome of pseudocysts is of obvious clinical importance as pseudocysts may regress spontaneously or persist without symptoms, and not require treatment, or result in symptoms or complications that make treatment mandatory. 19 The aim of this retrospective study was to determine which of the pseudocysts occurring during the course of alcoholic chronic pancreatitis warrant treatment. We therefore compared two large groups of pseudocysts: one group of 45 pseudocysts including all pseudocysts with a spontaneously favourable outcome; the other of 45 pseudocysts requiring treatment, due to persisting symptoms and/or complications.
Three of the morphological factors studied appeared to be associated with a spontaneouly favourable outcome by univariate analysis. Indeed, small sized pseudocysts, intrapancreatic pseudocysts, and pseudocysts located in the pancreatic head were likely to regress without treatment. However, many parameters were studied and statistical significance could have been reached by chance due to multiple comparisons. We thus performed multivariate analysis using the parameters selected during the first step. To our knowledge, this has not been performed previously to identify the factors associated with choice of treatment. Intrapancreatic pseudocysts, and pseudocysts smaller than 4 cm in diameter were the only independent factors accounting for 20% of the total variance.
The population in this study was as homogeneous as possible and multiple CT scans were performed in each patient for accurate comparisons. Most other studies have used several imaging techniques in the same patients including endoscopic retrograde cholangiopancreatography, 5 20-24 intraoperative findings, 4 5 21 22 upper gastrointestinal barium series, 13 20 21 25 26 angiography, 21 24 25 or clinical findings.
23 25 26 Imaging techniques with high sensitivity, such as abdominal ultrasound or CT scan, increase diagnostic accuracy. 3 8 11 27 28 All our patients had confirmed chronic pancreatitis. Unlike the present study, in previous studies in the literature the aetiology of chronic pancreatitis has included alcoholic, hereditary, tropical, and hypercalcaemic pancreatitis. 21 22 27 Furthermore, few studies have included only pseudocysts occurring during chronic pancreatitis. 5 22 24 27 29 We observed spontaneous regression in 25.7% of pseudocysts. This figure cannot be compared with most series including pseudocysts complicating acute and chronic pancreatitis. Reported regression rates vary between 9% and 31%, 2 8 9 11 15 mainly because of diVerences in inclusion criteria and the fact that most studies come from surgical series. Unlike Bradley et al, 8 who observed a short regression time for pseudocysts (less than six weeks in almost all cases), we found the median time to regression to be 29 weeks (range 2-143). Slow regression has also been reported by Vitas and Sarr 10 in 7/13 patients with spontaneous regression of pseudocysts, five of which regressed more than six months after diagnosis.
Persistent asymptomatic pseudocysts have been reported in 19% and 16% of patients by Yeo et al 11 and Vitas and Sarr, 10 respectively. In our study, 21 pseudocysts (23% of the total population) remained asymptomatic.
The size of pseudocysts is usually considered to be closely related to their evolution. O'Malley et al 4 observed regression in 55% of pseudocysts smaller than 4 cm, with a 10% complication rate (versus 37% for pseudocysts larger than 4 cm). In another study, regression was observed in 4/26 (15.4%) pseudocysts larger than 6 cm and in 20/67 (34%) pseudocysts smaller than 6 cm. 20 Finally, Yeo et al 11 found that surgery was necessary for 67% of pseudocysts larger than 6 cm and for 40% of those which were smaller than 6 cm. However, in a group of 114 pseudocysts, Vitas and Sarr 10 showed that the size of pseudocysts was not significantly associated with their outcome. In the subgroup of 24 untreated patients with regular imaging follow up, that study showed that 80% of the pseudocysts less than 5 cm, but also 50% of those greater than 5 cm, regressed. 10 It should be emphasised, however, that only one third of the patients in this study had pseudocysts related to chronic pancreatitis. Unlike these results, the present study shows that the initial size of pseudocysts is an important predictive factor for the necessity of treatment. Seventy one per cent of pseudocysts larger than 4 cm required treatment. There was no further significant increase in this rate for greater thresholds (79% and 71% for pseudocysts greater than 6 cm and 8 cm, respectively). Thus a diameter less than 4 cm is associated with a favourable outcome as confirmed by multivariate analysis.
Pseudocysts occurring during chronic pancreatitis are located in the pancreatic head in 34.4-67.6% of patients. 5 22 24 27 In this study, 66% of pseudocysts were located in the head, and 57% of them did not require treatment.
The location of pseudocysts was not an independent factor by multivariate analysis.
Intrapancreatic or extrapancreatic development of pseudocysts has rarely been studied in previous series. The rates of intrapancreatic pseudocysts were 50%, 65%, and 99.4% in three studies, respectively 5 16 27 but the definition of these pseudocysts was not always provided. We defined an "intrapancreatic pseudocyst" as a pseudocyst completely surrounded by the pancreatic parenchyma, and found that 72.2% of pseudocysts were intrapancreatic, a feature clearly associated with a favourable spontaneous outcome (only 38.6% of these pseudocysts required treatment). This was confirmed by multivariate analysis.
It has been claimed that acute pseudocysts regress more frequently than chronic ones 8 13 30 but this distinction is based on the time from diagnosis and not on the occurrence of recent acute pancreatitis. 8 13 The proportion of pseudocysts due to acute pancreatitis during chronic pancreatitis is unknown. Recent acute pancreatitis was investigated in all our patients 18 and found in 50.5%. However, no diVerence between the two groups was observed and recent acute pancreatitis was not a factor associated with a favourable outcome in pseudocysts associated with chronic pancreatitis.
In conclusion, a diameter greater than 4 cm and extrapancreatic development can be considered independent predictive factors of persistent symptoms and/or complications in patients with pseudocysts and alcoholic chronic pancreatitis. These results can help clinicians select patients with pseudocysts requiring treatment.
